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ABSTRAK

Mesin konvensional mempunyai banyak masalah, terutamanya dari segi jangka hayat
alat, produktiviti, dan kemasan permukaan. Abrasive Water Jet Turning (AWJT) adalah
alternatif untuk pemesinan konvensional. AWJT adalah sejenis proses pemesinan yang tidak
konvensional yang menggunakan jet air bertekanan tinggi yang dicampurkan bersama-sama
dengan zarah kasar. la sangat sesuai untuk bahan yang paling sukar dan bahan kerja silinder.
Inconel 718 Alloy adalah bahan yang akan digunakan untuk projek ini. Aloi Inconel 718
dikenali sebagai bahan paling sukar dan sangat sukar untuk mesin menggunakan kaedah
konvensional. Inconel 718 Alloy mempunyai kombinasi ketahanan kakisan, ketahanan
pengoksidaan dan ketahanan merayap yang sangat baik. Bahan jenis ini biasanya terdapat di

industri kapal terbang.

Penyediaan bahan, menjalankan mesin, pengumpulan data, dan analisis data adalah
empat tahap dalam penyelesaian projek ini. 8 sampel dengan diameter 16 mm dan panjang 50
mm akan dimesin menggunakan mesin AWJT. Reka bentuk full factorial terlibat dalam projek
ini untuk memastikan bahawa eksperimen dijalankan secara sistematik dan cekap. Semua data
dikumpulkan dengan menggunakan mesin kekasaran permukaan dan mesin penguji kebulatan.
Data dianalisis dengan mengunakan ANOVA dan untuk mengenal pasti kesan signifikan

parameter dioptimumkan atau tidak.



ABSTRACT

Conventional machines have a lot of problems, particularly in terms of tool life,
productivity, and surface finishing. Abrasive Water Jet Turn (AWJT) is an alternative to
conventional machining. AWJT is a type of unconventional machining process that uses a
high-pressure water jet that is mixed together with abrasive particles. It is very suitable for the
hardest material and cylindrical workpieces. Inconel 718 Alloy is the material that will be used
for this project. Inconel 718 alloy is known as the hardest material and is very difficult to
machine using conventional methods. Inconel 718 Alloy has an excellent combination of
corrosion resistance, oxidation resistance and creep resistance. This type of material is usually

found in the aircraft industry.

The preparation, experimentation, data collection, and data analysis are four stages in
the completion of this project. 8 samples with a diameter of 16 mm and a length of 50 mm will
be machined using the AWJT machine. A full factorial design is involved in this project to
ensure that the experiment is carried out in a systematic and efficient manner. All the data is
collected by using a surface roughness machine and a roundness tester machine. The data is
analyzed by using ANOVA and to identify the significant effect of the parameter is optimized

or not.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

The majority of the technological advances need a new era of advanced material
applications in various engineering fields. However, most of these materials have specific
characteristics that cannot be machined using traditional manufacturing methods. Different
machining technologies have been developed in the last few decades for processing several

shapes of components.

Unfortunately, each of these technologies has its limitations for giving excellent
efficiency and accuracy. Meanwhile, Abrasive Water Jet (AWJ) machining has been proven to
cut various material shapes without any excessive force or thermal damage. AWJ machining
often finds work cutting hardened steels, Ti- alloys, aerospace alloys, and other materials that

are difficult to machine using conventional methods.

Water jet technology is one of the fastest-growing major machine tool processes
globally because of its flexibility and simple operation. The garnet abrasive is used in the
water jet stream. Without the abrasive, it can cut soft material only. Abrasive water jet can cut

any thickness from smallest to most significant in high or low volume. There are two types of

1



AWJ machining: Abrasive Water Jet Turning (AWJT) and Abrasive Water Jet Milling
(AWIM).

AWIJT is usually used to reduce the diameter of a cylindrical workpiece. The main
difference between AWJT and AWJM is that the part that will be machined will rotate for
turning operation, while for milling operation, the tools will rotate. AWJT is a technology that
uses a high-pressure water jet that combines with abrasive particles. This technology is very
suitable for the most challenging material that is very difficult to remove the unwanted shape.
AWJT technology is also ideal for turning near net shape (NNS) and profiling grinding

wheels.

In this research, AWJT will be discussed due to their ability to machine more rigid
material such as Inconel 718 alloy with a cylindrical shape. Inconel 718 alloy is usually used
on aircraft turbine engines for the aerospace industry. The modern aircraft turbine engines
offer more reliability than the existing aircraft turbine engines. The most important factors to
react to the higher reliability for the turbine engines are that the engineering teams must ensure
these engines can be maintained, used for several years, and have excellent efficiency.

Inconel 718 alloy, also known as super alloys where the material can be machined at a
temperature exceeding 1300°F. It is also one of the materials that are very difficult to machine.
In the aircraft industry, the Inconel 718 alloy is the perfect material to withstand various
higher temperature corrosions and stress conditions that can occur in the turbine engine.
Inconel 718 alloy also has an excellent combination of high-temperature corrosion resistance,
oxidation resistance, and creep resistance. During machining Inconel 718 alloys, there will be
several challenges such as generates more heat at the tooltip, causing excessive tool wear, and
others. The other application for Inconel 718 alloy is 3D printing technology, die casting, oil

and gas industries, saltwater applications, and others.



1.2 Problem Statement

Inconel 718 Alloy's material has become one of the commonly used in the aerospace
industry, chemical industry, and others. Nowadays, this material has been frequently used in
gas turbine engines because Inconel 718 alloy has excellent tensile strength, ductility, fracture
toughness, creep resistance, and fatigue resistance. Vrushali and Dalu (2017) states that it is
difficult to machine the Inconel 718 Alloy material by using a conventional method due to
Inconel 718 alloy produces poor results during the machining process Inconel 718 alloy tends

to react with cutting tool material at the highest temperature.

Conventional machining has been used widely in the field of metal processing. When
it comes to machining the material, the most important of traditional machining is physical
contact between the tool and the workpiece. Thus, it can lead to tool wear since physical
contact is required to perform the work. Friction is one factor of tool wear where the amount
of heat is generated during the machining process. Anthony et al.(2017) conducted a study
about the tool wear during machining Inconel 718 alloy concluded that in machining the
Inconel 718 alloy material, the tool wear is influenced by thermal softening, adhesion,
diffusion, notching, and thermal cracking. Thus, it can conclude that several factors were

influenced during machining Inconel 718 alloy using conventional machining.

During the metal cutting using the conventional method, the metal will absorb the heat
that transmits away from the cutting, and it will cause the heat-affected zone on the workpiece.
It occurs when the material of the workpiece, which is Inconel 718 alloy, is harder than the
tool's material. Heat affected zone is also known as a non-melted area of metal and directly

affects the surface roughness of the workpiece.

Abrasive Water Jet Turning (AWJT) is the best solution to overcome these problems.
Unfortunately, the study of surface roughness of the Inconel 718 alloy and productivity is
questionable. The research about the parameter of AWJT is very important to overcome all the
problem occurs in conventional lathe machine and to increase the knowledge of the
appropriate parameter to produce the highest quality of the product by using AWJT.



